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FORTY YEARS OF PRESCRIBEDBURNING ON
THE SANTEE FIRE PLOTS:

EFFECTS ON UNI~ERSTORY VEGETATION

David L. White, Thomas A. Waldrop, and StevenM. Jones*

Abstract-Theeffects of 43 yearsof repeatedprescribedburning on crown cover, species composition,
speciesrichness,anddiversity in the lower understorystrataofthe Santee Fire Plots were examined.Five
study treatrnents,installed in 1946, include an unburnedcontrol, periodic winter andsummerburns,and
annualwinter and summerburns. Understorycover hasnot changedin the past 20 yearsexceptin the
annual winterbum plots wherecoverof trees < 1.5 m in height declined andgrasscover increased.
Detrended correspondenceanalysisindentitied four distinct understoryplant communititescorrespondingto
seasonandfrequencyof burn. Distribution of understoryspecies acrossa tire disturbancegradient is
discussedin terms of varying plant adaptationsto tire. Speciesrichness,when separatedinto herbaceous
and woody speciesgroups,and Shannon’sdiversity index variedsignificantly acrosstreatments.

INTRODUCTION
The SanteeFire Plot (SFP) study in the Francis Marion
National Forestprovides a unique opportunity to examinethe
responseof understoryvegetationto long-term useof several
combinationsof seasonand frequencyof burning. Several
studies have examinedthe effects of single or repeated
prescribedfires on understoryvegetation (Abrahamson1984;
Condeand others1983; Cushwaandothers 1966, 1969;
DeSeIrnand others 1974; Fox and Fox 1986; Gilliarn and
Christensen1986; Grano 1970; Grelen 1975;Hodgkins 1958;
Lemon 1949, 1967), but none of thesestudieswas conducted
over a period as long as the period of the SFP study.
Prescribedburning in loblolly pine standson the SFP was
initiated in 1946 and continuedwithout interruptionuntil
1989, whenthe overstorypines were destroyedby Hurricane
Hugo.

Previous SFP studiesfocusedon the effect of prescribedfire
on understoryvegetation(Langdon 1971, 1981; Lewis and
Harshbarger1976; Lotti 1955, 1956; Lotti and others1960),
benefits to wildlife (Lewis and Harshbarger1976) and soil
chemicalchanges(Wells 1971; McKee 1982). Waldrop and
others(1987)summarizedthe effects of the various treatments
on the growth of oversturypinesafter 40 years.Lewis and
Harshbarger(1976) reportedthe effectsof prescribed fire on
shrubandherbaceousvegetationin the plots after 20 years.
On the basis of information developedby Lewis and
Harshbarger(1976),Langdon(1981), Waldrop and others
(1987), and Waldropand Lloyd (1991). the following
generalizationscan be maderegarding theeffects of long-term
use of prescribedfire on understoryvegetation in the SFP: (I)
the unburnedcontrol plots weredominatedby several size
classesof shruband hardwoodspeciesand containedonly

small numbersof grassesandvirtually no forbs; (2) plots that
were burnedperiodicallycontained two distinct size classesof
understosyhardwoods(> 15 cm and <5 cm d.b.h.) and
herbaceousspecies,most of which were grasses;(3) annual
winter and biennial summerbums resultedin largenumbers
of woodystems< I m tall and many grassesand fosbs; and
(4) annual summerburningvirtually eliminatedtinderstory
woody vegetation,andproducedan understotydominatedby
grassesand forbs.

This paperdescribesdifferencesamongplant communitiesin
the SantecFire Plots after 43 years of prescribedbuming.
More specifically, we comparethe understoryplant
communitiesin the contextof plant speciescomposition,
speciesrichness,and diversity. We also soughtto determine
whethertherehave been anychangesin understoryspecies
composition since year 20 (1967).

METHODS

Site Description
The SFP study was originally designedwith threereplications
on the SanteeExperimentalForest in Berkeley County, SC,
and two replicationson theWestvacoWoodlandsin
Georgetown,SC. The Westvacoplots were regeneratedin
1984 50 the presentstudy is confined to the threeSantee
replications.Study plots are located on theupper terraceof
the coastal flatwoods region of the FlatwoodsCoastal Plain
Province,at anelevationof 9.0 m above sea level (Meyers
and others 1986).They contain a variety of soil series,which
are generallydescribedas poorly drained Ultisols of medium
to heavy texture.

‘Ecologin, SoutheastemFcrestExperimmt Station,aumon, SC;
ResearchForester,SoutheasternForest ExperimentStation, Clemson,
SC; andAssistant Professor,Departmentof Forest Resources,
Clemson University, Clemson, SC.

Study Design
The SFP study was initiated in 1946 in 42-year-oldnaturally
regeneratedloblolly pine with a well-developedunderstoryof
hardwoods(post oak, blackjack oak, southernred oak,
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dogwood, American holly, miscellaneoushickories,
sweetgum,and blackgum) and shrubs (baybeny,pepperbush,
andgallberry). Initially, five treatmentswere installed: (1) no-
bum control, (2) periodic winter bum, (3) periodic summer
bum, (4) annualwinterbum and(5) annualsummerbum. An
additional treatment,biennial summerbum, was installed in
1951. Becauseof recentinsect-relatedmortality in someplots
of thebiennial summerbum, it was not includedin this
study.

Winterbuming was conductedas soon as possible after
December1 of eachyearwhenthe temperaturewas 16 C
(60 F) or higher. SummerburningwasconductedafterJune
I when the temperaturewas 32 C (90 “F) or higher. Burning
was conductedoniy when relative humidity was less than50
pereent wind speedwas 1 to 7 mi/h and fuel moisturewas <
10 percent.Backing fires were usedinitially; later, head fires
(strip and flanking) were usedin the annualbum plots.
Periodicbums were conductedwhen 25 pereentof the
understotystemsreached2.5 cm dbh. The averagebum
interval for periodic bums was 5 years. More detailed site
descriptionscanbe found in Lotti (1960) andWaldrop and
others (1987).

For sampling understoryvegetation,a 25- by 25-rn sample
plot was establishedwithin eachof the 32- by 32-rn treatment
plots. Two 25-rn line transectswere randomly located in each
sampleplot to determinepereentcrown cover for the
following speciesgroups: grasses,legumes,other herbs,
woody vines, shrubs,and trees.The vegetationsampledin
this study was the lower understory,which was definedas
plants = 1.5 m tall or plantshaving a majority of their crown
at or below a height of 1.5 m. Cover was determinedalonga
25-rn line transectby measuringthe portion of a crown
intersectedby the 25-rn line. Where two or more crowns
overlapped,the overlappingsectionsof the lower crown(s)
were not included

Two 0.5- by 2-rn subplotswere randomly located along each
25-rn transect(four subplotsper plot) to measurestem density
or abundance.AU plants were identified to speciesor genus
andthe numberof plants per speciesor genuswas recorded.
In measuringabundanceof plants that sprout from roots or
rhizomes, no attempt was madeto determinewhethera clump
of stemswas associatedwith just one individual or many.
Speciesnot encounteredin thefour subplotswere tallied in
two I- by 25-rn subplots,each of which was locatedadjacent
to a 25-rn transect.The largersubplots(1- by 25-rn)were
usedprimarily to sample relatively uncommonspecies.
Speciesnot encounteredin subplotsof either size but
occurringin a 25- by 25-rn sampleplot were listed as present
but not tallied. The speciesand density datawereusedto
determinespecies diversity and richness.

Data Analysis
Analysis of variancewasusedto test for significant treatment
and block effectson speciesrichnessand diversity. Mean
separationwas by Fisher’sunprotectedLSD test (Statistical
Analysis System (SAS) 1987). Speciesrichnessis the total
numberof speciesin a given area.The Shannon-Weaver
index was usedas a measureof speciesdiversity and was
calculated as:

N4 -~lnp~
where p, proportionof individualsof speciesito the total
numberof individuals of aU species(basee logarithmsare
usedhere).

DetrendedCorrespondenceAnalysis (Gauche 1982; Hill 1979;
Hill and Gauche 1980)was usedto interpret the variation in
vegetationcomposition among treatments.The technique
groupsplots or communitiesbasedon similarity of species
composition andrelative abundance.The degreeof difference
betweenplots is indicatedby standarddeviation (S.D.) units.
A separationof communitiesby four S.D. units generally
indicatesthat the two communitieshaveno speciesin
common, while one S.D. unit indicatesapproximatelya 50-
percent difference in speciescomposition (Hill 1979; Hill and
Gauche1980).

RESULTS AND DISCUSSION

Changesin UnderstoryCoverBetween1967
and1989
Lewis and Harshbarger(1976) reportedon the status of
herbacwusand shrubvegctation after 20 years of prescribed
burningon the SFP. We choseto comparepercentcoverby
speciesgroupat year 43 with their datato determinewhether
vegetationchangeshadoccurredsince their 1967 study. Only
the no-bum,periodic summer,and annual winter treatments
were compared,becausethe interval betweenburning and
sampling wasnot alwaysthe samein both studies.
In the no-bumtreatments(fig. Ia), both shrubandtree cover
declinedover the 23-yearperiod. Sometreesandshrubs
formerly in the understosygrew into the midstury. Also,
midstory hardwoodsthat were presentin 1967 continuedto
grow, further reducingthe amount of light reachingthe forest
floor.

In the periodic summerbum plots (fig. Ib), there were few
changesbetweenyears20 and 43. At both times, the
understorywas dominatedby shrubsandtrees. A slight
increasein total cover (all species)may havebeencausedby
increasedsprouting of treesandshrubs(Langdon 1981).

Greaterchangeswere observedin the annualwinter bum
plots (fig. Ic). From year 20 to year 43, tree cover declined
and grass cover increased.Little changewasobservedfor the
other speciesgroups.Although tree cover declined,the
numberof hardwoodstems (44,700stems hat) wassimilar to
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the numberreportedby Langdon(1981)at year 30 (47,000
stemsha-’). This pattern suggeststhat hardwoodsproutsare
smaller than beforeandthat frequentwinter burning may
reducesprout vigor over time. The increasedimportanceof
grassesin these plotsmaybe a responseto the declinein tree
coveror it may havecontributedto that decline. While the
majority of vegetationchangesin annual winterbum plots
occurredearly in the SFP study, our results indicate that the
frequentbut relatively mild disturbanceassociatedwith this
treatmentcontinuesto causechangesin vegetationover
extendedperiodsof time.

PlantCommunityDifferences

Community Analysis
Detrended correspondenceanalysisidentified four distinct
vegetativecommunitiesthat were associatedwith seasonand
frequencyof burning (fig. 2). Annual summerbums,annual
winter bums,periodic bums, and no-bumcontrols produced
distinctive communities.Differencesbetweentreatmentswere
less distinct for the periodicallyburnedplots andthe control
plots, where woody vegetationpredominated.The understory
communitiesproducedby periodic winter andsummer
burning were very similar. The distribution of plotsalong the
X axis leadsus to interpret this axis as a tire-mediated
disturbancegradient. The relatively large magnitude of
difference acrosstreatments(3.5 S.D. units) indicates that
betadiversity, or between-communitydiversity, is high and is
affectedby seasonandfrequencyof burning. Sepamtions
along the Y axis are less easilyunderstood,but are
interpretedas representinga natural variability gradient.
Variability in speciescomposition within a community type
decreasesas the level of burning increases.

The distribution of speciesalonga fire disturbancegradient
reflects the speciesfire toleranceand competitive vigor. Table
I is a speciessynthesistable,as describedby Mueller-
Dombois andEllenburg (1974), showing therelative
abundanceof each speciesin eachtreatmentplot. This list has
beeneditedto contain only differential species,or those
speciesthat demonstrateclear associationsfor a given
treatmentor treatments.The 32 speciesin this table were
placedin 5 groupsbasedon their affinity for a given
treatmentor treatments.Detrendedcorrespondenceanalysis
indicated that the periodic winter and summerbum plots were
vegetativelysimilar andsince our sampling of thevegetation
took placeduring the growing seasonfollowing the burningof
the periodic winter plots, only the periodic summerbum
treatmentis shown in table I.

Figure 1-Understory coverby treatment,1967 and 1989.
Treatments:(a) no-bum control, (b) periodic summerbum,
(c) annual winter bum. 1967 data arefrom Lewis and
Harshbarger(1976).

1967
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DETRENDED

CORRESPONDENCEANALYSIS

PS

AW

AS=A!’4NUAL SUMMER
AW=ANNUAL WINTER
PW=PERIODIC WINTER

PS—PERIODIC SUMMER
N=NO BURN

N

PS

PW

Pw

2.0

AXIS I
(Standard Deviation units)

3.0

Figure 2--Resultsof detrendedcorrespondenceanalysisof all understoryplants in all treatment plots. Treatmentsindicated
by the following codes:AS annualsummerbum, AW ~annual winter bum, PS =periodic summerburn,PW =perodic
winter burn, N=no-bum control. Lines are drawn to show separationbetweendissimilar groups of plots. Seetext for
explanationof axes.

With few exceptions,groups 1, 2, and 3 are herbaccous
plants that have been describedas “fire followers” (Lemon
1949, 1967). Many of theseplants are alsoassociatedwith
early successionalplant communities following non-fire
disturbance.Other species,suchas the legumes,are known to
benefit directly from the effects of fire (Cushwa and others
1969; Martin andCushwa 1966; Martin and others1975).
The speciesin group I are found almost entirely in the annual
summerbum plots. These are generally opportunistic species
that lack the competitivevigor to becomeestablishedin other
burnedplots, where more vigorous grassesand woody plants
predominate.Speciesin group2 are most common in the
annualwinter burn plots, but someof the legumespeciesare
also common in the periodic summeror annual summerbum
plots. Generally, group 2 speciesare less tolerant of annual
summerburning and do not competewell with thehardier
woody vegetationcharacteristicof the periodically bumed
plots. The relatively low abundanceof legumesin plots that
have been burnedevery summermay result from the lack of
full growing seasonsin which to partition photosynthateinto
perennial rootstocks.Plants in group 3 were common in all

burnedplots but absentin the no-bumcontrol plots, indicating
a dependenceon frequentdisturbance.Four composite
species,two grasses~Panicumspeciesand Androooeon
vireinicus),and threewoody plants(Hvoericum species,
~ species,and Rhus covoalina~comprised this group.
Most species in group 3 dispersetheir seedbroadly and
compete vigorously for resourcesand this enablesthem to
becomeestablishedquickly after fire.

Groups4 and S (table 1) contain all woody plants with the
exceptionof one grass(1 Iniola laxa) and one perennial
(Mitchella reoens).Most of the speciesin this group
reproducevegetatively - but with varying degreesof vigor, as
is indicatedby the absenceof somespeciesfrom either the
annually or periodically bumedplots. Group 4 speciesare
relatively abundantin all but the annualsummerplots,
maintaining their abundanceprimarily through vegetative
reproduction.About half of these speciesoccurredrarely or
infrequently in the annual summerplots; however, their
occurencein the annualsummerplots is probably due to
germinationfrom seedthatwastransportedto the plot by
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Table I--Species synthesis table showing relative abundance’ of each species
across treatments (three plots per treatment)

Species~ Group

Treatment

Unburned
control

Periodic
sumaer

Anrual
uinter

Anrajat
suriner

Paspelun species
Polygala lutes
Ilypoxis micrantha

I

R

9R
9R 3
197

Rhexia species R+ 9RR
coreonsis malor 2 +91 +
cassia nictitans 5 5 9
Stylosanthes biflora 418

9,,
49

Gatactie macreei
Desmodit.xn species 2 + 9 +R
Tephrcsie hispidula
centrosema vircilnianun
Lesoedeza species

R R
R R

+ +

R 9
9 9
+ + 9

1

Lobelia nuttallil 3 + 9R +64
Aster soecies 1 192 1+~
Sotidago species
Eupatoriun species
Etaphantopus species
Panicus specIes
Andropogon vircrinicus
Itypericun species
Rubusspeeies
Rhus coopalina

1

+ R
4 + R
+ +

+ +
+ 8

4 5 5
+ R

9 + 4
8 9 79+6 9 3

6 9
8

+ 1 5
2 R 1

2 1
2 3 +11~6 2 3

5 9 3
e 2 1

+ R
1 R R

Pinus taeda 4 + 1 8 + + R + + 7 9 6
Gaytussacia~ species
Vacciniima.~pecies

T~Tataxe
MyricS cerifera

+ + +
I +

+ + +
~ + +

+ 3 1
1 1 6
3 + +
9 2 1

+ 1 4
+ 3 9
935
1 R

R +
+ +

+
+

Liouidamb~ stvraciflua 9 1 1

+ 1 +
+ + +
+ + a

5 1 +
2 + R

1 1 +
643
7 0 1

4 1 9
I +

+ +
.1. 9

~
~

~ +

smilax species
~j~jsspecies
Quercus species
Getsemiun sempervi rens
Cornus florida 5 3 7 8 9
Mitchella reoens 4 + 3 9 2
Persee borbonia 9 + + R
Lyonia tucida 4’

Relative abundanceindicated as deciles:”+
11=1-10percentof the maximum

abundancevalue for a given species,’1”~11-2O percent; etc. “R” indicates
that a species was rare in the vegetation plot (i.e., was present only).

~ follows Radford and others (1968).

wind or animals. Speciesin group 5 were relatively intolerant
of frequentbuming. (omusflorida. (dogwood) and Mitchella
rcocns(partridgebeny) were absentfrom annual bum plots,
while Pcrseaborbonia(redhay)and Lvonia lucida (fetterbush)
were absentfrom both periodic and annualplots. Fetterbush
has beenpreviouslymentionedasoneof several shrubson the
SFP that sprout prolifically aftcr fue (Langdon1981). Data
from otherstudies (Cypert 1973; Abrahamson1984) also
suggestthat this speciesis tolerantof fire. The absenceof this
speciesin year 43 may indicate that the speciesis intolerant
of long-term frequentburning, at leaston sites similar to
thosein the SFP study area.

Species Abundance
Understoryspeciesabundance(number of plants 0.1 ha.’) for
woody plants is shown in figure 3. Abundanceof hardwoods,
shrubs,and vines was dramatically reducedby annualsummer
burning. In the periodic burn plots and the annualwinter bum
plots, understoryhardwoodabundancewas slightly greater
than in unburnedcontrols. Only the annualsummerbum plots
had lower shrubabundancethan the control plots. The large
values for shrubsareattributableprimarily to the rhizomatous

shrubs,Gavlusacciaspp. (Huckleberry) and Vaccinium spp.
(blueberry), which sprout prolifically after tire. The greater
abundanceof all threewoody plant groupsin periodicwinter
burn plots was due to the fact that theseplotshad been
burned the winter prior to sampling,which illustrates the
immediateresponseto fire by this predominantlywoody
understory.

Abundanceof grasses,legumes,andotherforbs is shown in
figure 4. Herbaceousplant abundanceincreasedwith
increasingfire frequency,andabundanceof all three groups
wasgreatestin the annual winterbum plots. Theannual
winter treatmentyielded a substantiallyhigher numberof
legume stemsthan all the other treatments.Legume
abundancein the annualwinterburn plots washigher than
valuesrepottedfrom other studiesin the South (Bucknerand
Landers1979; CushwaandJones1969; Cushwaandothers
1970, 1971; Hendricks1989; Speakeandothers 1975).
Legumeabundancein the periodic and the annualsummer
bum plotswas in therangefound in the studiescited above,
mostof which wereconductedaftersingle or periodic bums.
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Figure 3--Meannumberof stems0.1 ha~’ for understory
woody plant groupsacrossall treatments.Note axis scale
change.

SpeciesRichnessand Diversity
Understoryspeciesrichnesswasnot significantly affectedby
treatment. When speciesrichnesswas separatedinto woody
and herbaceouscategories,treatmenteffects were significant
(fig. 5). Woody speciesrichness was significantly higher for
the no-bumand periodic burn treatmentsthan for either of the
annualburn treatments.In contrast,herbaceousspecies
richnessincreasedwith increasingburning frequencyand was
significantly-higher for the annualwinter bum treatmentthan
for the periodic winter and theno-bum treatments.

Shannon diversity, calculatedusing all understoryspecies,
was significantly affected by treatment(table 2). Understory
speciesdiversity was significantly higher for the annualwinter

UNOERSTORY SPECIESABUNDANCE
HERBACEOUS SPECIES
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Figure 4--Meannumberof stemsper 0.1 ha’ for understoty
herbaceousplant groups acrossall treatments.Note axis scale
change.

bum treatment thanfor the annualsummerand periodic
winter bum treatmentbut not higher than for the periodic
summerand no-bumtreatments.It is significant that
differencesin richnessand diversity amongtreatmentswere
not more distinct. As burning frequencyincreased,
herbaceousspeciesimportanceincreasedand therewas an
associateddecline of woody species.This speciesreplacement
resulted in relatively small differences in diversity and
richnessbetweenmost treatments.Annual winter burning
resulted in higher richnessand diversity valuesbecause
woody biomasswas reducedto a level sufficient to allow
establishmentof herbaceousplants, many of which responded
positively to the conditions createdby fire.

UNDERSTORY SPECIES RICHNESS
WOODY AND HERBACEOUS SPECIES
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I

Figure5--Understory speciesrichness.Error bars representtwo standarderrors.
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Table Z--Shannon diversity indices for
understory plant conmunitiesfroeteach
treatment

Diversity

Treatmert Index’

Annual winter bum 2.40 a

Periodic surmner burn 2.28 ab

No bum control 2.07 abc

Annual sLinraler bum 1.88 bc

Periodic uinter burn 1.70 c

Means uith different letters are
significantly different at the 0.05 level.

CONCLUSIONS
While all plants in this southernpine ecosystemare well
adaptedto tire, it is the fire regime--incorporating intensity,
frequency,and season--ratherthan fire itself, to which plant
speciesare adapted(Gill 1975). Observeddifferencesin
species-compositionof understory plant communities along a
fire disturbancegradientwere explainedby referenceto
differencesin fue toleranceand competitive vigor.
Differences in frequencyand seasonoffire producedfour
distinct plant communitieswhich, when viewedas
communities distributed over the landscape,resulted in
relatively high beta diversity.

Land managersare faced with increasingly complexproblems
as the conceptof multiple resourcemanagementexpandsto
include compositional,stmctural, and functional biodiversity.
Our increasedunderstandingof the “natural” or historical role
of tire in shapingforestedecosystemsshould enableus to
better incorporatethe useof fire in the managementof whole
landscapesto accomplishmultiple resourceobjectives.
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